Anemias associated with a deficiency of factors of the vitamin B-complex have been reported from many different laboratories (1 to 16) as occurring in different species of animals. Castle's extrinsic factor required for the treatment of pernicious anemia in man is found in such natural sources of the B-complex as yeast, beef, wheat germ, rice polish, etc. But, as yet, no single synthetic factor an experimental animal. The pig, which stores the pernicious anemia curative factor in its liver, was selected for this study because its hematopoietic response is more nearly like that of the human. Sixteen animals were used in the experiment (see Table I Among the 5 pigs in Groups I and I-A receiving the diet, results appeared to depend largely on their initial weight. Both of the 2 younger pigs (1 and 2) developed microcytic anemia, one mild, and the other very severe. The 3 older pigs (3, 4 and 5) failed to develop anemia. The additional weight with the accompanying vitamin storage appeared to protect them against the deficiencies encountered. Further data concerning these animals will be found in Tables I and II and Figure 1 .
Gastric analyses indicated free hydrochloric acid in all 5 pigs throughout the experiment.
At necropsy pig 2 showed enlarged and infected lymph nodes at the base of the neck, and small ulcers profusely distributed throughout the large intestine.
Synthetic diets The basal diet which served as the foundation for all of the synthetic rations in these experiments is essentially vitamin B-complex-free. Its (Figure 1) , the animal remained free from anemia throughout the experiment (Figure 2, C) , and initial estrus occurred at the expected time. Blood changes are recorded in Table II. DISCUSSION Four factors affect the results obtained in any nutrition experiment: (1) the degree of deficiency of the diet; (2) the vitamin storage of the animal at the beginning of the experiment; (3) any coincident physiologic stress; (4) the presence of infection. The first is usually determined arbitrarily by the investigator, the second by the age and previous diet of the animal, the third chiefly by age, and the fourth is purely a matter of chance unless infection is induced as a part of the experiment.
In the experiments reported here, the young pigs of Groups III, V, and VI developed a macrocytic anemia which was most acute during and shortly after the period which corresponds roughly to adolescence in the human. This anemia cleared up gradually after time had elapsed for the establishment of normal estrous rhythm and while the animals were still consuming essentially the same diet. Initial estrus occurs in the pigs of the North Carolina State College Experimental Farm at from 20 to 35 weeks of age. Examination of Figure 2 , A, B and C and Figure 3 , D and E, indicates that the low point of the anemia was reached after 15 to 22 weeks on the experiment when the pigs were between 28 and 35 weeks old. Much evidence indicates that the factors of the vitamin B-complex play a part in maintaining the gonads as well as the hematopoietic system. Concrete evidence of the effect of vitamin B-complex deficiency on the estrous cycle of rats has been offered by Richter and Hawkes (18) in their carefully controlled experiments. These investigators noted that, if from an otherwise adequate diet, yeast, serving as the sole source of the vitamin B-complex, was withdrawn, it resulted in loss of estrus in 14 days and marked atrophy of the ovaries and uterus in 40 days. If we may assume, then, that the comparatively low level of the vitamin B-complex contained in the diets described above must be shared both by the blood-forming elements and the sex endocrine system, any heightened activity of the latter system will increase its requirement of the vitamin B factors and thus precipitate a more marked deficiency which will be reflected in the former sys-tem. One would expect equilibrium to be reestablished only after the strain of the onset of estrus had passed and sexual stability had beeni established. This is just what occurred. Not only did 5 pigs of Groups III, V and VI develop a macrocytic anemia, but there was a definite postponement of estrus in the 3 pigs having the most severe anemia, namely, Pigs 8, 9 and 13. Onset of estrus was noted in Pigs 12 and 14 at the expected time. Both these animals were heavier, having an initial weight of 45 and 60 lbs., respectively, as compared with the 37, 24 and 34 lbs. of the other 3. This additional weight with the increased vitamin storage could easily account for the greater protection afforded both systems, namely, a much milder anemia and no demonstrable interference with the onset of estrus.
We believe that the macrocytic anemia observed in these animals is the most severe yet produced experimentally in pigs. Undoubtedly, the prolonged partia deficiency of the vitamin B-complex in the diet, the unstable condition of the animals due to their initial age and weight, and the long duration of the experiment all contributed to this result. As one would expect in any macrocytosis, the mean corpuscular volume and mean corpuscular hemoglobin content increased proportionally as the red count fell (Figure 2 (4) and Wintrobe and his coworkers in 1939 (16b). The former group produced anemia on a diet quite similar to our Diet A. This resulted in microcytic anemia in some individuals and macrocytic in others. The highest mean corpuscular volume reported was 62 cubic micra. Compared with ours, this is low but it represents a significant rise over the initial value of the individual pig. Wintrobe and his associates produced some degree of macrocytosis on synthetic diets similar to ours in which reduced levels of yeast supplied the factors of the vitamin B-complex. The highest mean corpuscular volume reported by these investigators was 68 cubic micra.
The blood smear of Pig 9 of our series showed large numbers of reticulocytes but there was no reason to suspect a hemolytic process «t this time. There was never any clinical evidence of blood loss or of jaundice, and the giant tize of the majority of the reticulocytes makes the presence of a hemolytic process improbable. Pigs which developed macrocytic anemia in similar experiments performed by Wintrobe showed no change in their icteric indices (16a).
All of the mineral elements thought to be concerned in any way with hemoglobin formation, either directly or catalytically, such as iron, copper, manganese, cobalt, etc., were supplied adequately in the salt mixture of the synthetic diets. Therefore, we feel that the anemia produced on the synthetic diets was in no way referable to a mineral deficiency.
Chick and her collaborators (7) animals used, however, is much too small to draw conclusions. All the neurologic symptoms noted in our animals have been observed previously by others (4, 7, 16b) . The occurrence of one epileptiform seizure in Pig 14 parallels the experience of Chick and her collaborators who observed sporadic seizures in pigs on a borderline level of vitamin B. Where the B6 deficiency was more acute, the seizures increased in number and intensity until the eluate fraction supplying the B6 was administered. A diet in which yeast at a level of 2 to 3 per cent supplies the B-factors results in a borderline level of vitamin B6 and explains the occurrence of only one such seizure in our animal.
SUMMARY AND CONCLUSIONS
A severe macrocytic anemia was produced in weanling pigs on a prolonged partial deficiency of the vitamin B-complex.
Brewer's yeast at a level of 4 per cent was not adequate under the conditions of these experiments to protect weanling pigs (weighing 45 lbs. or less) from developing macrocytic anemia. A 10 per cent level of yeast, however, was quite satisfactory for this purpose in the one animal tested for 22 weeks.
Spontaneous cure of the anemia ensued while the pigs remained on the same diet and without treatment.
A possible explanation for the development of anemia on a diet which later is adequate for its cure is offered in the physiological stress and strain preceding sexual maturity, which apparently corrects itself after sexual stability is accomplished.
